SUMMARY: Purified cell walls of Actinomyces viscosus and Actinomyces naeslundii were solubilized by the enzymatic action of M1 N-acetylmuramidase . Soluble cell wall carbohydrate antigens were purified by column chromatography . A purified antigen preparation (fraction C) from A. viscosus ATCC 19246 was found to contain deoxyhexoses (rhamnose and 6-deoxytalose), hexosse (galactose , glucose and mannose), and a peptidoglycan component.
INTRODUCTION
Actinomyces viscosus and Actinomyces naeslundii, which are commonly associated with human dental plaque, induce experimental cervical dental caries and periodontal disease in monoassociated animals (Slack and Gerencser, 1975) . These Actinomyces species are present in the human oral cavity as saprophytic members of the normal microbial flora (Ellen, 1976) . Nevertheless, these organisms may be associated with human periodontal disease since a recent investigation revealed that A. viscosus was a major member of subgingival microbial flora of subjects with periodontitis (Williams, Pantalone and Sherris, 1976) . In this regard, enhanced in vitro transformation of human lymphocytes by Actinomyces extracts has been correlated with the severity of human periodontitis (Barker et al., 1976; Patters et al., 1980) . Extracts from mechanical homogenate of A. viscosus whole cells have been shown to induce lymphoproliferative responses (Burckhardt, Guggenheim and Hefti, 1977; Clagett, Engel and Chi, 1980 Organisms were grown in TTY broth (Hamada and Torii, 1978) containing trypticase (BBL), tryptose (Difco), yeast extract (Difco), salts, and glucose (1%, final concentration) for 48 hr at 37 C. Cells were collected by centrifugation using a continuous flow centrifuge apparatus, washed extensively with distilled water and lyophilized. A 50 l quantity of TTY broth was used for cultivation of A. viscosus ATCC 19246. The other two strains were cultured in 20 l TTY broth.
Rabbit antisera to Actinomyces: Rabbits were immunized by repeated iv injections of Merthiolate-killed whole cells of either A, viscosus strain ATCC 19246, or SK4, or A. naeslundii strain ATCC 12104 as described previously (Hamada et al., 1976) . Production of antibodies to cellular component(s) was assessed by capillary precipitin reaction and by immunodiffusion in agar-gel test, using autoclaved extracts of whole cells or cell walls as antigen (RR antigen) (Hamada, Tai and Slade, 1976) . High-titered antisera were kept frozen at -20 C until used. Chemical analysis: Quantitative analysis of the amino acid and hexosamine composition was carried out using an amino acid analyzer (Hitachi Model 835). For this purpose, samples were hydrolyzed with 6 N HCl at 100 C for 14 hr in sealed ampoules. Estimation of hexose, deoxyhexose (methylpentose), hexosamine, and protein was carried out by the method of Scott and Melvin (1953) , Dische and Shettles (1948) , Ghuysen, Tipper and Strominger (1966) , and Lowry et al. (1951) , respectively. Because deoxyhexose was detected as 50% of the total hexose by the anthrone method (Scott and Melvin, 1953) , a correction was made for expression of the net hexose values. Free N-terminal amino acids were estimated by the method of Ghuysen et al. (1966) . Presence of deoxytalose in the cell wall or purified components were determined by paper chromatography according to the description of Pazur et al. (1972) , after samples were hydrolyzed in 0.1 N HC1 at 100 C for 3 hr. Quantitative analysis of sugar components of purified antigen of A, viscosus 19246 was performed by gas chromatography (Shimadzu Model GC-7AG) according to the method of Sweeley et al. (1963) after the antigen was hydrolyzed in 2 N HC1 at 100 C for 60 min.
RESULTS
Purified cell walls of A. viscosus ATCC 19246 were gradually lysed with M 1 N-acetylmuramidase. After 21 hr incubation, 70% reduction in absorbance (OD at 550 nm) was observed. Soluble antigen material from the cell wall was present in the supernatant of the reaction mixture as revealed by capillary precipitin test with homologous rabbit antiserum. Following removal of M1 enzyme from the reaction mixture by passage through a CM Sephadex column, the fractions reactive with rabbit antibodies were concentrated and subsequently applied to a Sephadex G-100 column (Fig. 1) . Three fractions which reacted with homologous antisera were detected. The first two fractions, A and B, were minor components, however, they elicited definite reactions with anti-19246 serum by capillary precipitin test. Most of the antibody reactive components were eluted in a lower molecular weight fraction (tube numbers 85-112: Fig. 1 sample of the isolated cell wall fractions A, B, and C (Table I) . Cell walls and their enzymatically degraded fractions were composed of similar components, i.e. sugars, hexosamines, and amino acids. Cell walls and fraction C were found to contain significant quantities (ca. 50% of total weight) of hexoses (glucose, galactose and mannose), and deoxyhexoses (rhamnose and 6-deoxytalose), as demonstrated by paper and gas-liquid chromatography.
Fraction C and cell walls were analyzed for amino acids and amino sugars with an amino acid analyzer. The data shown in Table II Immunodiffusion tests revealed that a single precipitin band was formed between fraction C and an antiserum to 19246 whole cells (Fig. 2) . This band The plate contained autoclaved extract of cell walls (a) and whole cells (c), and purified antigenic fraction C (b) from A. viscosus ATCC 19246. Well (A) was filled with an antiserum prepared against 19246 whole cells.
formed a line of identity with that produced with a hot saline extract of 19246 whole cells or of purified cell walls, indicating that anti-19246 whole cell antibody was elaborated against cell wall carbohydrate of the organists. These chemical and serological results strongly suggest that the cell wall carbohydrate is a major antigenic component in A. viscosus.
Similar antigenic substances were chromatographically purified from enzyme lysate of cell walls of A. viscosus SK4 and A. naeslundii 12104. Almost complete lysis of these cell walls with Ml enzyme was obtained (O.D. reduction was 93.4% and 96.0%, respectively). Purified cell wall lysate antigens were hereafter designated as Ml-SK4 and M1-12104 antigens, respectively. Chemical analyses revealed that Ml-SK4 and M1-12104 antigens were also composed of carbo- The plate contained M1-12104 (a). Ml-SK4 (b), and fraction C (c). Well (A) was filled with an antiserum prepared against A. viscosus SK4 whole cells.
hydrates and peptidoglycan constituents similar to 19246 fraction C antigen (Table III) . It is noted that deoxyhexose content of A. naeslundii 12104 cell wall and Ml-12104 antigen was significantly less than that of A. viscosus cell walls and purified ,111 antigens (c.f. Tables I and III) . HAMADA et al. Vol. 35 Fraction C of 19246, and M1-SK4 and M1-12104 antigens formed a line of identity when reacted with anti-19246, and anti-12104 sera. M1-12104 antigen produced another precipitin band against the homologous anti-12104, in addition to the band common to all antigens tested (Fig. 3) . However, when anti-SK4 serum was used, three precipitin bands were noted when Ml-SK4 antigen was tested. Two of the precipitin bands fused with the precipitin bands produced by fraction C and Ml-12l04 antigen (Fig. 4) . DISCUSSION A. viscosus has been shown to induce strong lymphocyte blastogenesis and polyclonal antibody formation in murine B cells (Burckhardt et al., 1977; Engel et al., 1977; Lopatin et al., 1980; Clagett et al., 1980) . In these studies, soluble extracts of A. viscosus and other oral bacterial species were prepared from ultrasonic supernatant of the organisms. The purpose of the present study was to isolate native antigenic component(s) with full biological activities from isolated cell walls of A. viscosus. Soluble antigenic substances could be successfully fractionated after cell walls were lysed under a mild condition using Ml N-acetylmuramidase, a cell wall lytic enzyme (Yokogawa et al., 1975) .
Chemical analyses showed that purified cell walls and Ml antigen preparations of A. viscosus and A. naeslundii possessed 6-deoxytalose as a major sugar component as well as rhamnose and other hexoses. The presence of a unique sugar, 6-deoxytalose, in the cell walls of certain Actinomyces species has been described by McLennan (1961) , Pine and Boone (1967), and Bowden et al. (1976) . In this connection, 6-deoxytalose was also found to be a component sugar of peptidoglycolipids (termed mycosides C) derived from several strains of Mycobacterium species. A mycoside C is surface-located and was reported to block the adsorption of mycobacteriophage to the Mycobacterium from which it was synthesized (Furuchi and Tokunaga, 1972; Goren et al., 1972) . This unique sugar has also been found in the cell wall antigenic polysaccharides of Streptococcus bovis by Pazur et al. (1972) .
It is of interest to note that soluble cell wall antigens are composed of carbohydrate, to which a small portion of peptidoglycan residues is covalently linked. This was supported by the finding that fraction C of A. viscosus ATCC 19246 cell wall lysate contained glutamic acid, alanine and ornithine in the molar ratio of 2:2:1, which was similar to that of native cell walls. Ornithine has been reported to be a unique component of peptidoglycan of certain Actinomyces species including A. viscosus and A. naeslundii (Schleifer and Kandler, 1972) . However, Reed (1972) did not demonstrate the presence of this amino acid in A. viscosus strain T6, which disagrees with our finding.
Cellular antigens of oral Actinomyces species have been extracted from whole cells by hot saline or trichloroacetic acid ( Fig. 2 ; Bowden et al., 1976) . These preparations produced weak precipitin reactions with the antisera in general. Furthermore, it has been empirically noted that the recovery of NOVEL ANTIGENS OF ACTINOMYCES SP.
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antigenic substances by these drastic extraction methods is not necessarily satisfactory. In this regard, antigenic fractions chromatographically separated from Ml enzyme lysate of purified cell walls of A. viscosus or A. naeslundii were native, because enzymatic degradation of cell walls was carried out under a mild condition as compared to chemico-physical extractions of high temperature and/or acidic pH. We have found that carbohydrate antigens prepared from cell wall lysate possessed serological determinants. It was found that immunological specificities of these antigens were closely related but not identical. Homologous antiserum contained antibody with specificity for antigen(s) of the homologous organisms of A, viscosus or A, naeslundii used for immunization (Figs. 3 and 4) . Ml lysate antigens were also found to possess strong immunobiological activities including murine B cell mitogenicity and polyclonal B cell activation (manuscript submitted for publication). In this connection, these biological activities were demonstrated previously in crude supernatants from disrupted whole cells (Ivanyi and Lehner, 1971; Burkhardt et al., 1977; Chen et al., 1980) . Therefore, it is most likely that cell wall carbohydrate-peptidoglycan complex should be responsible for the immunobiologic.al activities of A. viscosus and A. naeslundii. Similar cell wall components were prepared from a serotype g Streptococcus mutans strain, but the biological activities of S. mutans antigens were not as effective as obtained with A. viscosus antigens (Hamada et al., 1981 
